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Foreword 


This  study  was  conducted  for  Watervliet  Arsenal  (WVA)  located  in  Watervliet 
New  York,  under  Work  Unit  VK7,  “Storage  Tanks.”  The  work  was  funded  by 
Military  Interdepartmental  Purchase  Request  (MIPR)  No.  W52EU270578976 
and  is  the  continuation  of  work  begun  in  Fiscal  Year  1996  (FY96).  The  project 

addresses  the  remote  monitoring  of  fluid  storage  tanks.  The  technical  monitor 
was  Mr.  Phil  Darcy  (WVA). 

The  work  was  performed  by  the  Industrial  Operations  Division  (UL-I)  of  the 
Utilities  and  Industrial  Operations  Laboratory  (UL),  U.S.  Army  Construction 
Engineering  Research  Laboratories  (CERL).  Consultants  Mountain  States 
Environmental  (MSE)  Tschnology  Applications  (TA),  Inc.,  Butte,  MT,  provided 
engmeering  services,  construction  and  installation  of  equipment,  and  technology 
testing  services  for  the  installation  of  remote  monitoring  systems.  Don  Schiller 
is  associated  with  MSE.  The  CERL  principal  investigator  was  Jearldine  I. 
Northrup.  Walter  J.  Mikucki  is  Chief,  CECER-UL-I;  Dr.  John  Bandy  is 
Laboratory  Operations  Chief,  CECER-UL;  and  Gary  W.  Schanche  was  the 
responsible  Technical  Director,  CECER-TD.  The  CERL  technical  editor  was 
William  J .  Wolfe,  Techmcal  Resources. 

COL  James  A.  Walter  is  Commander  and  Dr.  Michael  J.  O’Connor  is  Director  of 
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1  Introduction 


Background 

Fluid  storage  tanks  on  Army  installations  that  are  used  to  hold  hazardoxis 
materials  can  pose  a  umcjue  challenge  to  the  installation  s  Environmental 
Compliance  Officer.  If  a  leak  or  spill  from  such  a  storage  tank  occurs,  quick 
response  to  the  emergency  is  essential  to  prevent  damage  to  the  environment 
and  to  avoid  the  resultant  clean-up  cost,  which  can  total  in  the  thousands  of 
dollars.  However,  installations  can  find  it  difficult  to  achieve  quick  emergency 
response  when  storage  tanks  are  physically  separated  by  large  distances,  when 
manpower  to  monitor  tank  conditions  is  short,  or  when  automated  monitoring 
systems  are  installed,  but  are  not  supplemented  with  a  commumcation  system  to 
“sound  the  alarm”  when  a  leak  or  spill  occurs. 

In  fact.  Army  installations  commonly  automate  the  monitoring  of  hazardous 
materials  by  using  appropriate  environmental  pollution  control  equipment 
(PCE).  However,  PCE  on  Army  installations  is  typically  not  consolidated  in  any 
one  area,  but  may  be  distributed  aca'oss  the  installation.  In  times  of  reduced 
manpower,  delegating  the  task  of  monitoring  storage  tanks  and  sounding  the 
alarm”  in  emergencies  to  existing  personnel  is  expensive  and  resource-intensive. 
A  logical  alternative  that  conserves  both  labor  and  resoxirces  is  to  automate  and 
centralize  monitoring  and  alarm  functions  by  establishing  a  commtuncation 
system  between  the  tanks  and  a  central  office,  such  as  the  environmental  office. 
In  this  study,  Watervliet  Arsenal  (WVA)  requested  the  U.S.  Army  Construction 
Engineering  Research  Laboratories  (CERL)  to  explore  options  to  automate  fluid 
storage  tank  level  monitors  and  to  recommend  a  safe,  reliable  system  for  that 
installation. 


Objectives 

The  objectives  of  this  study  were  to  explore  options  to  automate  tank-level 
monitors  at  Watervliet  Arsenal,  NY,  and  to  recommend  a  system  to: 


6 


USACERLTR  98/108 


1.  Monitor  the  installation’s  widely  dispersed  tanks 

2.  Alert  the  Compliance  Officer  when  a  leak  or  overflow  exists 

3.  Provide  a  basis  for  an  optimized,  cost  effective  method  to  schedule  waste 
removal  from  hazardous  materials  storage  tanks,  and  to  refill  fuel  tanks  with 
minimal  risk  of  leaks  and  spillage. 

Approach 

1.  The  CERL  principal  investigator  visited  WVA  and  met  with  the  principal 
project  engineer  before  commencing  the  project.  Three  more  meetings  with 
WVA  staff  and  CERL  researchers  were  planned,  two  before  the  project’s 
initiation  and  one  after  project  completion. 

2.  The  storage  tank  configimation  at  WVA  (Figure  1)  was  reviewed. 

3.  A  remote-monitoring  system  was  designed  to  meet  the  monitoring  needs  of 
the  installation,  including  sensors,  software,  hardware,  and  connections. 

4.  Thirteen  fluid  storage  tanks  were  configured  into  the  automated  remote- 
monitoring  system.  (Table  1  lists  the  installation  status  as  of  10  October 
1997.) 

5.  Further  changes  were  proposed  to  complete  the  system  and  to  enhance  its 
utility  as  an  emergency  and  compliance  monitoring  tool. 

Scope 

The  automated  monitoring  system  described  in  this  study  was  proposed  to  meet 
the  specific  needs  of  WVA.  Note  that,  in  accordance  with  regulatory 
requirements,  WVA  has  and  will  continue  to  perform  monthly  visual  surveillance 
at  the  site  of  each  storage  tank.  However,  other  militaiy  installations  with 
similar  fluid  storage  tank  configurations  may  use  the  information  in  this  report 
as  a  basis  to  design  remote  monitoring  systems  to  meet  their  specific  needs. 


Mode  of  Technology  Transfer 


A  2-hour  training  session  for  comphance  officers  and  firemen  will  be  provided  to 
instruct  WVA  personnel  in  the  use  of  the  monitoring  equipment.  A  CERL 
techmcal  report  will  docmnent  the  procedures  adopted  to  implement  and  operate 
the  Storage  Tank  Remote  Monitoring  System. 
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Table  1.  Fluid  storac 

fuG^  I  ‘ 

Tank  AG  Cont. 

1  fu  WO 


u  SPILL 
COLL 


^tank  monitoring  project  installation  status  as  of  10  October  1997. 


Instru¬ 
ments^^  Local 

Leak  Aim/ ^ 

Level 


Leak  Aim/  149 
Level 


BASIN 


U  2FO 


8  |U  |WO 


9  U  WO 


10  |U  IWO 


11  U  WO 


12  |U  IWO 


13  |U  IWO 


14  |U  IGASOL 


Func-  I 

tional?  Capacity  Status 

8,000 


1 ,000  No  phone  line 
available 


Leak  Aim/  145  YES 
Level 


Leak  Aim/  135/(125)  YES 
Level  . 

Leak  Aim/  115  YES 
Level 


Leak  Aim/  11  OS  YES 
Level 


Leak  Aim/  11  ON  YES 

Level 


Leak  Aim/ 
Level 


Leak  Aim/ 
Level 


Leak  Aim/ 
Level 


Leak  Aim/  35S 
Level 


Leak  Aim/  20/(25) 
Level 


Leak  Aim/ 
Level 


Leak  Aim/  35W 
Level 


Level  36 


28  lU  I  DIES 


Leak  Aim/ 
Level 


2,000  |0 


Proposed  for 
Completion 


Propose  radio  link  to 
Bldg.  145 


Propose  radio  link  to 
Bldg.  145 


Completed 


2,000  OK  except  phone 
line  does  not  work 


5,000  No  measurements 
or  alarms  available 
to  hook  up  to.  Tank 
will  be  replaced 
soon  with  double 
walled  tank, 
including  alarm  and 
level  measurement 


4,000  |0 


Completed 


Completed 


Completed 


Completed 


Completed 


Completed 


Completed 


Completed  except  leak 
alarm  test  push  button 
does  not  work  on 
existing  tank 
insterstitial  alarm  box. 
Repair  not  in  work 
scope. 


Completed  except 
changing  telephone 

wires  and  testing. _ 

Completed 


Completed 


Hooked  to  LI-342  in 
IWTP  control  panel  and 
connected  to  phone 
line.  When  tank  j 

upgrade  is  complete, 
the  level  measurement 
will  be  available  for 
activation  in  the 
firehouse.  Any  leak 
detection  from  the  new 
tank  will  require  wiring 
to  IWTP  control  panel. 
Completed 


UG/  Instru- 

Tank  AG  Cont.  ments 


29  U  SODIUM  Level 
HYD 


H2S04  I  Level  136 


31  U  SOL  WO  Leak  36E  YES 

/Level 
Aim 


acid  Level 
WASTE 


ACID  Level 
WASTE 


CYANID  Leak 
E  Aim 

WASTE 


SPILL 

WO 


OK -Hooked  to  LI- 
011  signal  in  JWTP 
control  panel.  Tank 
24  removed 


OK— Hooked  to  LI- 
011  signal  in  JWTP 
control  panel. _ 


OK -Tank  32 
combined  with  31 
and  replaced  with 
vault  system.  Tank' 
monitor  box 
installed  and  phone 
line  run;  has  leak 
and  high  level 
alarms  only.  Level 
sensor  is  not 
available  as 
electrical  signal. 


UST  monitoring  not 
required  per  P. 
Darcy 


Proposed  for 
Completion _ ^ 


Tank  replacement  in  j 
progress  while 
installing  monitoring. 
Tank  level  will  be 
available  for  activation 
in  the  firehouse  as 
soon  as  new  tank  is 
connected  to  level 
measurements  by 
contractor.  If  leak 
detection  is  required, 
then  will  require  wiring 
between  contractor  box 
and  IWTP  control 
panel.  Phone  line  is 
connected.  _ 


Completed 


Completed.  It  may  be 
possib;e  to  Install  level 
indication  for  firehouse 
monitoring  with  approx. 
$2000  sensor. 


Building  not  yet 
turned  over;  cannot 
install  box  per  P. 
Darcy.  No  phone 
line. 


UG/  \ns\ru- 

Tank  AG  Cont.  ments 


Func¬ 

tional? 


NO 


4  ft  diameter  tank, 
1000-gal.,  4-in.  and 
2-in.  threaded  holes 
in  top:  no  level 
gage,  or  overfill/leak 
alarm  system 
installed.  Network 
box  is  installed,  but 
no  power  is 
rovided  yet.  _ 


2  Storage  Tank  Monitoring  at  WVA 


The  Case  for  Automation 

Upping  InTe*?  “*  installations  is  similarly 

“1"  tr  “  ~ 

taPation  usmg  a  oentralised  control  typo  system  can  reduce  costs  by: 

1.  Reducing  operator  training  time.  The  raw  /to+a  a.  xi. 

data  conversmns  manually,  saves  time,  and  reduces  the  possibUity  for  e™ ^ 

2.  EmpUyi,^  more  active  control  strategies.  An  example  of  this  is  to  monitor 
fte  etoty  used  by  the  PCE.  This  may  be  achieved  by  mducing  thi 

timertb  f  P®Pk  demand  periods  by  staggering  the 

tunes  that  the  motors  across  the  installation  are  activated. 

'■  nonproprietary 

tba  a  ■  ^  tPn  obtain  a  variety  of  bids  rather 

^“pmT  upgrT^* 

central  ollice  is  to  use  existing  telephone 
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Unes  to  transmit  the  sensor  data  in  digital  form.  However  adthng  telephone 
lines  is  expensive  (about  $40K/ini-).  Wireless  communication  between  PCE  ^d 
renmaTofflce  can  also  be  established  by  radio  link.  In  the  past  use  of  single- 
LCt  hclLd  transmitters  was  a  viable  option.  PresenHy.  obtarmng  a 
Lnuency  in  the  bands  aUocated  for  the  military  may  take  montta 
coordinated  with  the  installation  communications  center  to  avoid  conflict  with 

existing  links. 

A  recent  ruling  on  wireless  local  area  network  (LAN)  efforta  by  (be  Federd 
A  recent  rui  g  authorized  unlicensed  wireless 

(kimmunications  Ckrmimssron  (FCC)  h^  a^o 

hiph-sneed  data  transmission  devices.  The  ruling  trees  ouu  g 

networks  without  wiring  their  buildings  or  rreighborhoods.  O”  ^ 

users  of  unlicensed  spectra  must  be  willmg  to  accept  ambient  levels 
interference.  Users  who  require  no  interference  or  extremely  low 
would  probably  prefer  to  use  traditional  hard-wired  LANs  or  the  more  r 
licensed  wireless  networks  provided  by  telecommunications  compames. 

In  these  new  bands,  wireless  network  connections  at  speeds  as  ^  “ 
megabits  per  second  coc-d  be  constructed  that  would  cover  areas  as  la^e  ^  mi 
"Imr  Tb  aflay  concerns  about  interference,  the  FCC  adopted  d^emnt 
Sc^^tandards  for  the  three  bands  it  authorized.  In  the  lowest  band,  ^m 
6.15  to  6.26  GHz,  broadcast  power  is  limited  to  200  milliwatts,  a  level  that  allo« 

computers,  printers,  or  servers  in  one  building  to  J  f 

the  second  band,  from  6.25  to  5.35  GHz,  devices  could  broadcast  with  1  Watt  of 
power  allowing  effective  communications  within  an  installation  ^  onmen 
area  ’in  the  third  band,  from  5.725  to  5.825  GHz,  devices  could  broadcart  with  4 
Watts  of  power,  allowing  effective  communications  within  a  O-mi  radius,  de- 
pending  on  local  terrain  and  the  number  of  users. 


The  Proposed  System 

This  project  provided  for  fabrication  and  installation  of  four  subsystems  and 
start-up  training  as  follo^vs: 


*  1  mi  =  1.51  km. 


1.  Jwk  monito  network  bores  were  located  at  each  of  the  existing  tanks 
(  .gore  IX  The  tank  network  boxes  were  fabricated  by  the  contractor  using 

Id  to  e  7  ’monitor 

available.  “  **  ““munications  room  where 

o!fT  7  7^  communications  room.  The  tank  polling  system 

gathered  mfo^ation  from  all  the  tanks  using  a  personal  computer  TO  and 
commeraal-off-the-shelf  (COTS)  software,  -tte  selected  software  Zdt 
WBTe  FaclorySmte,  is  built  around  three  core  technology  modules ’including 
wsuahzation,  control,  and  data.  Wonderware  FactorySuite  aUows  applica 
toons  developers  to  customize  Wonderware  modules  to  meet  specific  needs 

3.  An  alarm  system  was  located  in  the  firehouse.  Audible  and  visual  alarms  as 
wefi  as  mdividual  tank  levels,  are  available  from  an  operl^Tn^fe 
cludmg  Pentium®  personal  computer,  color  display,  and  alarm  printer 
Wonderware  operator  display  software  exhibits  alarms  and  mnk  stato^T^p 
history,  and  transfer  data  to  the  WatervUet  Compliance  Officer’s  computer 

*'  ”7*°""®  compliance  officer’s  desk. 

areal  fd7r“7°"  “ffice  SIOWV-ISH  (compliance  officer 

area)  md  other  locations  on  a  computer  with  a  printer.  The  compltoce 

omputers  and  alarm  computer  are  networked  using  the  exists  WVA 
computer  network  system.  existmg  WVA 

Mountain  States  Environmental 
(MSE),  Tfechnology  AppHcations  (TA)  Inc  at  th^  ,  i,  '^o^ental 

Mmology  Offiee  (WETO)  in  Butte,'  MT,  before  shipping* to  wr”'^ 
integration  and  system  testing  at  Watervliet  bv  MSF  TW.|>  i  a  i- 
Inc^Bufta,  MT,  confirmed  Jfin.ction:;!:‘:^S^:?rheir^^e 
contractor  provided  engineering  services,  constmctton  and  tat^fion  „f 

T®  Of  ..ni“*:4 

aansois  at  the  fluid  sZge  ^  ““ 
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System  Implementation 

The  consequences  of  overflow  from  storage  tanks  range  from  wasted  product  to 
an  envfronmental  crisis,  depending  on  the  industry  and  the  situation.  As  an 
initial  step  in  faying  to  attain  control  and  prevent  leakage,  monitoring  systems 
were  installed  and  networked  in  eight  fluid  storage  tanks  at  WVA  in  the  first 
quarter  of  1995.  The  work  was  conducted  by  MSE  and  was  accomplished  by 
connecting  the  monitoring  system  to  the  WVA  LAN.  It  was  later  found  that  the 
LAN  was  not  designed  for  critical  alarming  system  interconnects. 

CERL  used  the  services  of  MSE  through  the  Department  of  Energy  (DOE) 
operating  contract  for  WETO.  The  contractor  (MSE)  provided  engineering 
services,  construction,  installation  of  equipment,  and  technology  testing  services 
for  the  installation  of  remote  monitoring  systems  designed  to  monitor  levels  and 
overfill  of  fluid  storage  tanks  at  WVA.  Improvements  to  the  current  methods  of 
monitoring  will  result  in  lower  manpower  requirements  for  maintenance  and 
will  provide  a  more  robust  system  for  preventing  potential  environmental  spills 

at  WVA. 

There  are  18  fluid  storage  tanks  at  WVA  that  are  monitored  locally  for  level  and 
overfill.  WVA’s  Advanced  Ifechnology  Systems  Directorate  requested  a 
centralized  and  cost  effective  method  to  monitor  the  tanks.  The  project  was 
initiated  in  FY95  to  provide  networking  as  an  effective  method  for  momtonng 
eight  tanks.  The  continuation  of  this  project  completed  the  network  link  of  12 
more  tanks  to  immediate  response  and  compliance  reporting  centers  of  all  fluid 
storage  tanks. 

The  existing  tank  level  monitors  are  currently  networked  to  a  24-hour 
immediate  response  center  located  at  the  firehouse,  where  audible/visual  alarms 
and  response  cues  indicate  when  tank  trouble  occurs.  WVA  Environmental 
Compliance  Officer  also  has  an  on-demand  information  system  for  all  tank  levels 
including  level,  leak  status,  historical  trend,  and  location  map.  This  system 
expedites  monitoring  of  the  30  widely  dispersed  tanks  to  alert  the  Compliance 
Officer  if/when  a  leak  or  overflow  exists.  The  system  provides  a  basis  for  an 
optimized  and  cost  effective  method  to  schedule  waste  removal  from  hazardous 
materials  storage  tanks  and  to  refill  fuel  tanks  with  minimal  risk  of  leaks  and 
spillage. 
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Tank  Network  Boxes 

The  tank  network  boxes  were  fabricated  by  MSE  at  the  WETO  Butte  facility 
using  an  assembly  line  method.  The  boxes  were  shipped  to  the  Arsenal  and 
installed.  The  network  boxes  were  connected  to  the  existing  level  monitor  boxes 
and  to  existing  phone  lines  in  the  communications  room  where  available.  For 
tanks  where  existing  phone  lines  are  not  available,  the  network  in  place  or  other 
technology  will  be  used. 

A  number  of  existing  tank  level  monitors  required  upgrading  to  provide  the 
option  to  allow  external  communication  (4-20  .  mA  loop  capability).  These 

modifications  were  tasked  as  a  subcontract  by  MSE  to  Preferred  Rimcor  Co.  of 
Danbury,  CT. 

Tank  Status  Polling  System 


The  tank  polling  system  resides  in  the  communications  room  and  gathers 
information  from  all  the  tanks  using  a  wiring  hub.  The  components  were 
mounted  in  available  space  in  existing  rack  space  in  the  communications  room. 

Alarming  System 

The  audible  and  visual  alarms,  as  well  as  individual  tank  levels  are  available  at 
the  firehouse  fi-om  a  small  footprint  (24x24-in.)  desk  with  Pentium  II  233  MHz 
personal  computer,  color  display,  and  alarm  printer.  Residing  in  the  computer  is 
Wonderware  operator  display  software  for  indicating  alarms  and  tank  status. 

Compliance  Monitoring  System 

All  tank  information  is  available  at  office  SIOWV-ISH  (compliance  officer  area) 
on  a  computer  with  a  printer.  The  compliance  computers  and  alarm  computer 
are  networked  using  the  site  Ethernet  (Figure  2). 
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Testing  and  Training 

All  subsystems  were  fabricated  and  tested  by  MSE  at  the  WETO  Butte  facility 
before  shipping  to  WVA.  The  integration  and  system  testing  by  MSE  at  WVA 
confirmed  full  fimctionality  and  suitability  for  the  task.  Two,  2-hour  training 
sessions  were  included  (one  for  compliance  officers  and  one  for  firemen). 

Project  Support 

Project  support  includes  the  following  activities  necessary  for  the  advancement 
of  the  project,  but  not  defined  as  major  phases.  T^ese  activities  were  directed  by 
MSE  with  assistance  fi’om  CERL  and  WVA.  These  activities  include  quality 
assurance;  budgeting/scheduling;  environmental,  safety,  and  health  consider¬ 
ations;  travel,  training,  and  general  support. 

Software  Deveiopment 

The  software  in  the  polling  system  PLC  was  developed  by  MSE  to  periodically 
scan  the  data  in  each  tank  and  deliver  the  data  to  the  alarm  computer.  The 
software  in  the  firehouse  alarm  computer  was  also  developed  by  MSE  fi-om 
Wonderware  FactorySuite.  The  fufi  development  and  runtime  package  of  the 
software  was  purchased  and  turned  over  to  WVA  for  the  subsystem. 

Data  Eiements 

The  Department  of  the  Army  has  established  a  standardized  format  for  data 
elements  for  use  in  Department  of  Defense  (DOD)  software  and  computer 
systems.  Ib  ensme  interoperability,  it  is  most  important  that  these  data 
standards  be  used  in  the  development  of  any  computer  software  systems  to  be 
used  by  DOD.  Many  computer  systems  are  inaccessible  or  incompatible  with 
other  systems  due  to  their  program  format.  For  data  to  be  accessible  fi-om  one 
system  to  another,  and  to  avoid  duplication  of  data  elements,  the  DOD  data 
elements  must  be  used.  The  DOD  Data  Administrator  for  the  Defense 
Information  Systems  Agency  (DISA)  has  issued  guidelines  on  mapping  and 
matching  application  data  to  DOD  standard  data  elements.  In  developing  the 
software  for  WVA,  these  standards  were  strictly  followed.  In  this  phase,  CERL 
has  begun  to  choose  the  DOD  data  elements  that  need  to  be  passed  between  the 
program  to  produce  the  needed  reports.  The  concept  of  Data  Warehousing  was 
used  in  the  next  phase  of  the  environmental  management  information  system 
(EMIS)  Environet.  At  that  time,  the  data  was  passed  as  standard  data  elements. 


3  Conclusion 


This  study  explored  options  to  automate  tank-level  monitors  at  WV 
designGd  and  installed  a  system  to. 

1.  Monitor  the  installation's  widely  dispersed  tanks 

2.  Alert  the  Compliance  Officer  when  a  leak  or  overflow  exists 

8  Provide  a  basis  for  an  optimised,  cost  effective  method  to  schrfule  waste 
removal  from  hazardous  materials  storage  tanks,  and  to  refill  fuel  tanks  with 

minimal  risk  of  leaks  and  spillngo* 

This  part  of  the  project  installed  remote  sensors  at  17  of  the  30  t^  complete 
with  sensors,  software,  hardware,  and  connections  to  the  fiiehoi^  M 
environmental  office.  Since  the  work  done  under  this  project  was  b^ed  on  ffie 
availability  of  phone  lines  and  sensors  that  were  in  place,  not  connected 

as  of  10  October  1997  will  be  addressed  in  the  Environet  (EMIS)  project. 
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